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CHAPTER I .  INTRODUCTION
A group o f  c l o s e l y  r e l a t e d  p l a n t s ,  commonly c a l l e d  sagebrush,  
occur over  a la rg e  geographic  area  from Northern  Mexico,  through  
Western U n ited  S ta te s  and in t o  Southwestern Canada. The p la n ts  belong  
to  the Genus Artemi s ia Sec t ion  Tr  id e n ta ta e  and a re  more c lo s e ly  
r e l a t e d  as a group than any o f  the Old World species  o f  t h a t  Genus.
I t  was proposed by B e e t le  t h a t  the Sec t ion  T r 1d e n ta ta e  has come in to  
e x is te n c e  as a r e s u l t  o f  d i f f e r e n t i a t i o n  o f  a common g e n e t ic  a n c e s to r ,
■j
in response to env ironm enta l  and c l i m a t i c  changes.
Four monographs have been pub l ished  In the l a s t  h a l f  c e n tu ry
in which the authors  have a t tem pted  to  c l a s s i f y  the Sec t ion  T r i -
d e n ta ta e  in t o  i t s  r e s p e c t iv e  species  and subspec ies .  Rydberg f i r s t
proposed in 1916 t h a t  the  Sect ion  T r i d e n t a t a e  c on ta in ed  e leven  
2s p e c ie s .  Clemens and H a l l  in 1923 proposed t h a t  the Sec t ion  c on ta in ed  
f ve s p e c ie s .^  They used an analogous Sect ion  w i th  the name o f  
Se r i p h I d 1 urn in p lace  o f  T r i d e n t a t a e . The Sec t ion  name o f  Se r i phidium  
was r e ta in e d  by Ward who pu b l ish ed  a monograph in 1953 in which he 
recognized e ig h t  species  and s i x  s u bspec ies .^  He a ls o  p o s tu la te d  
t h a t  two p a r a l l e l  l i n e s  o f  development e x is t e d  in the Sect ion  
T r I d e n t a t a e ■ One o f  the  l i n e s  o f  development was cente red  about  
t r i d e n t a t a  and the o t h e r  was c e n te red  about c a n a . Moss, upon 
com ple t in g  a study o f  the  i n t e r x y l a r y  cork  o f  the Genus Artemi s i a , 
pu bl ish ed  a monograph in 1940 in which he a ls o  placed e ig h t  species  
in the S e c t ion  T r i d e n t a t a e .  ̂ However, he proposed th a t  one o f  Ward's  
l a t e r  s e le c t i o n s  in the  Se c t io n  T r Î d e n t a t a e , A. pa 1 me r i  should in
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f a c t  be e x c lu d e d ,  w h i le  b 1g e 1ovI I should be inc luded in the  S e c t io n .
B e e t le  pu b l ish ed  a monograph in IA60 in which he inc luded e leven  
species  and n ine  subspecies in the  S e c t ion  T r i d e n t a t a e .^
Several i n v e s t i g a t o r s  have re s o r te d  to  the  use o f  chemotax-  
onomy In o rd e r  to  so lve  the confusion  t h a t  has r e s u l te d  from the  
c o n s id e r a t io n  o f  the  morphological  c h a r a c t e r i s t i c s .
Young and h is  co-workers  pub l ished  severa l  papers in Wyomi ng 
Range Management d e a l in g  w i th  the  chemical taxonomy o f  the S e c t io n  
T r i d e n t a t a e .^ *^  Leaf  specimens were e x t r a c t e d  w i th  95% ethanol  and a 
small q u a n t i t y  o f  the c o n c e n tra te d  e x t r a c t  was used f o r  t h i n  l a y e r  
chromatography. No chemical c h a r a c t e r i z a t i o n  was made. They d id  
s p e c u la te ,  however, t h a t  the  compounds which they  had separa ted  by 
t h i n  l a y e r  chromatography were f lu o r e s c e n t  lac tones  r e l a t e d  to  santon in  
Through the use o f  t h i n  l a y e r  chromatography they  were a b le  to  
d i f f e r e n t i a t e  seventeen T r i d e n t a t a e  spec ies  and subspecies .
H. R. Hoi bo and H. N . Mozingo publ ished a paper tn I 965
In which two-d imensional  paper chromatography was employed as the
o
chemotaxonomica1 method. Sagebrush leaves were e x t r a c t e d  w i th  an
a c i d i c  methanol s o l u t i o n .  A small  amount o f  the c o n c e n tra ted  e x t r a c t  
s o lu t io n  was p laced upon Whatman No. 1 paper and developed w i t h  a 
tw o -s o lv e n t  system. The compounds which they  separated  were d e te c te d  
by s imultaneous exposure o f  the chromatogram to  ammonia vapor and UV 
l i g h t .  The compounds were c h e m ic a l ly  c h a r a c t e r i z e d  as ph en o l ics  due 
to  a p o s i t i v e  b lue c o l o r  r e a c t io n  w i th  e i t h e r  FeClg or  KgFetCN)^. The
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THIN LAYER CHROMATOGRAM OF ARTEMISIA SPECIES
A. tri- A. tri- A . arbiis- A. tri-
dentatas&p. dentata^?.p. ctdassp. A . partitassp.
A. tiora tridentata raseyana arbuscula longiloba tripartita
A. cana A . cana ssp. 
ssp. cana viscidula
Florescent spots developed in 
solvent system A 
Purple 0  95* i
Purple 0  93 
Yellow  0 89 ^
Purple 0-89 
G reen 0-87 '
Blue 0  86 
Purple 0  86 
Blue 0  84 
Green 0 81 
Blue 0  80 
Blue 0  78 
Green 0  75 
Blue 0  72 
G reen 0  72 
G reen 0  67 
Blue 0  67 
Green 0 65 
G reen 0 62 i
Orange O bi 
Orange 0 5 6  
Orange 0  50 
Blue 0 48 
Blue 0 44 
Orange 0-37 
Orange 0  34 
Orange 0 30
+
+ +
+
4
+
< 1 1 de \ eloped 
'.vsieni B
I lo u rc .L C ril '.p 
in  s iiK e n t 
Blue 0  98 
Blue 0 82 
Blue 0  60  
Blue 0 34 
Blue 0 24 
Blue 0 21
< o lo r  a n d  R,  o f  th e  spo ts
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more p o la r  compounds p re s en t  were thought to be g lyc o s id e s  due to  
the  f a c t  t h a t  they  were not p resen t  on the chromatograms a f t e r  the  
methanol l e a f  e x t r a c t s  were r e f lu x e d  w i th  2 ^ H C l .  The less p o la r  
compounds were b e l i e v e d  to  be th e  p h e n o l ic  aglycones o f  the  g lyc o s id e s  
No f u r t h e r  chemical c h a r a c t e r i z a t i o n  was made. They concluded t h a t  
t h e i r  chromatography d a ta  supported Rydberg's  o ld  paper In which  
pygmaea and r l g l d a  were excluded from Se c t io n  T r i d e n t a t a e .
T h e i r  data  a ls o  supported Ward's c o n te n t io n  t h a t  b l g e l o v l 1 
should a ls o  be excluded from the Sec t ion  T r l d e n t a t a e . T h e i r  chemo- 
taxonomlcal d a t a ,  c o n s e q u e n t ly ,  Is  In d i r e c t  c o n t r a s t  to  B e e t l e ' s  
m orpholog ica l  d a t a .  He contends t h a t  a l l  t h r e e  species  should be 
inc luded In the Se c t io n  T r i d e n t a t a e .
In an e a r l i e r  s tudy on the  n u t r i t i o n a l  components o f  
T r i d e n t a t a , Kinney and Suglhara  (1948) e x t r a c t e d  a brown, amorphous 
powder from the  leaves w i t h  hot w a t e r .^  They d id  not succeed In 
t h e i r  a t tem pts  to  c r y s t a l l i z e  the  amorphous m a t e r i a l .  However,  
they  were a b le  to form D-g lucose phenylosazone from the h y d r o ly s is  
o f  the  powder, dem onstra t ing  t h a t  I t  was some type  o f  g l y c o s id e .
They r e f e r r e d  t o  t h i s  powder as the  b i t t e r  p r i n c i p l e  o f  sagebrush  
due to  the  e x c e e d in g ly  b i t t e r  t a s t e  o f  the  hot w a te r  e x t r a c t .
In t h i s  work on In s t a n t  t h in  la y e r  chromatography ( ITLC)  
a method was dev ised  to  s e p a ra te  the major  p h e n o l ic  c o n s t i t u e n t s  
p re s en t  In m e th a n o l Ic  l e a f  e x t r a c t s  o f  sagebrush.  The r e p r o d u c i ­
b i l i t y  o f  the  ITLC system employed was te s te d  by e x t r a c t i n g  th r e e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
d i f f e r e n t  samples o f  e i g h t  d i f f e r e n t  v a r i e t i e s  o f  sagebrush (T a b le  
 ̂ R ep ro duc ib le  r e s u l t s  were o b ta in e d  f o r  each o f  the e ig h t  
d i f f e r e n t  v a r i e t i e s  t e s t e d .  The chromatograms co n ta in ed  a v a r i e t y  
o f  coumarln and f l a v a n o ï d  compounds (Tab le  1 ) ,  The coumarln compounds 
were d e te c te d  on the  chromatogram by t h e i r  b lue  f lu o re s c e n c e  when 
exposed to  UV l i g h t .  The f l a v a n o id s  were d e te c te d  by t h e i r  f l u o r e s -  
cense in the  presence o f  UV l i g h t  a f t e r  spray ing  tne chromatogram w i th  
a s o lu t io n  o f  d ipheny l  b o r ic  a c id -e th a n o la m i  ne (Tab le  1 ) .
The v a l i d i t y  o f  using chemical c o n s t i t u e n t s  as r e l i a b l e  e x ­
press ions  o f  the  g e n e t ic  uniqueness o f  a p l a n t  spec ies  is always  
q u e s t io n a b le  i f  the  chemical c o n s t i t u e n t s  a r e  not p o s i t i v e l y  iden­
t i f i e d .  i t  has been e s t a b l i s h e d  t h a t  c e r t a i n  p h e n o l ic  c o n s t i t u e n t s  
o f  p la n ts  a r e  under d i r e c t  g e n e t ic  (enzym at ic )  c o n t r o l  (coumarins and 
f l a v a n o i d s ,  e t c . )  w h i l e  o t h e r  p l a n t  c o n s t i t u e n t s  ( l i g n i n ,  e t c . )  may 
be formed through the random a c t i o n  o f  f r e e  r a d i c a l s .  A knowledge  
o f  the p h en o l ic  c o n s t i t u e n t s  p re s en t  in a taxonomical s e c t io n  may 
p ro v id e  the  in fo rm a t io n  necessary  to  e l u c i d a t e  the phytogeny o f  the  
s e c t i o n .  The b i o s y n t h e t i c  pathway o f  most p l a n t  c o n s t i t u e n t s  is  
now known, w h i l e  those which a re  not known may be de te rm ine d .  The 
d i f f e r e n t  c o n s t i t u e n t s  can then be arranged a c co rd in g  to  s i g n i f i c a n c e
o f  the b i o s y n t h e t i c  pathway. Th is  could p ro v id e  a c lu e  to the
1 0e v o l u t i o n  o f  the  p la n ts  in q u e s t io n .  Consequent ly ,  b iochemical  
comparison o f  the  i d e n t i f i e d  c o n s t i t u e n t s  o f  a taxonomical s e c t io n  
may e l u c i d a t e  i t s  phylogeny,  p rov ided  t h a t  the  chemical d i f f e r e n c e s  
among members o f  the  s e c t io n  a r e  s u f f i c i e n t  f o r  a v a l i d  comparison.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 2. Location of  Artemisia  Species
Var ie ty  
jA. nova
;Ao cana ssp. v isc idu la  
longiloba
arbuscula ssp. arbuscula 
t r id e n ta ta  ssp. t r id e n ta ta
t r id e n ta ta  ssp. vaseyana
jA. t r i p a r t i ta ssp. t r i p a r t i ta 
A. cana ssp. cana
Town Range Township Section Quad)
E of  Bannack R.11.W. T .8 .S . 5 SE
E of  D i l lo n R J .W , T .7 .S . 27 NW
S of  Vi rg in ia  C i ty R.38.E. T .9 .S . 20 NE
E of  D i l lo n R.7.W. T .7 .S , 27 NW
S of  D i 1 Ion R.36.E. T .9 .S . 8 NE
S of  D i l lo n R. 36 . E, T .9 .S . 8 NE
S of  V i r g in ia  C i ty R .3 8 .E. T .9 .S . 2 SW
NE of  Bannack R.11.W. T .8 .S 26 NW
NW of  D i l lo n R.11.W. T .6 .S . 36 SE
E o f  Bannack R.11.W. T .8 .S . 5 SE
NE of  Bannack R.11.W. T .8 .S . 26 NW
W of  D i l lon RJO.W. T .7 .S . 16 SE
NW o f  Missoula R.20.W. T .14 .N . 13 SW
W of  Missoula R.20.W. T . 13 .N. 10 SW
S of  Stevensvi1 le R.20.W. T .8 .N . 13 SW
S of  V I r g in ia  C i ty R.3 8 .E. T .9 .S . 2 SW
SW of  Bannack R . I 3 .W. T ,9 .S . 29 SW
N o f  Malta R .3 0 .E. T . 32 .N, 5 NW
(/)(/>
CDQ.
"O
CD
2
Q.
Cg
"G3"O
2
Q.
2
■c
CD
C
I
£
g
È
8
CDg
O
C
g
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CO
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CHAPTER I I . RESULTS
T h is  work was i n i t i a t e d  to  de term ine  the major p h en o l ic  
components o f  t r i d e n t a t a  ssp. vaseyana . The species  
t r i d e n t a t a  grows over  a l a r g e r  geograph ica l  a rea  than any o th e r  
species  o f  sagebrush,  and A_. t r i  d e n ta ta  ssp. vaseyana grows 
abun dant ly  in s e vera l  areas  c lo s e  to  M is s o u la ,  Montana.
I s o l a t i o n  o f  the  coumarin components co n ta in ed  in the  leaves  
o f  t r i d e n t a t a  ssp. vaseyana was a t tem pted  f i r s t  because 
they  could e a s i l y  be lo c a te d  on a s i l i c i c  a c id  column as a b lue  
f l u o r e s c e n t  band under UV l i g h t .  The f i r s t  b lue  f lu o r e s c e n t  spot  
(R^ = 0 . 9 5 0 , Ta b le  1) could  not be i s o l a t e d  in s u f f i c i e n t  q u a n t i t i e s  
fo r  chemical i n v e s t i g a t i o n .  L a t e r  on when i t  became apparent  t h a t  
the  major  p h e n o l ic  e x t r a c t i v e s  were 6 , 7 “dioxygenated  coumarin compounds, 
6 , 7"d i -m eth o x y  coumarin was s y n th e s iz e d ,^ ^  and compared w i th  t h i s  
s p o t ,  but was found to  have a d i f f e r e n t  R  ̂ v a lu e .  The dimethoxy  
compound was considered as a l i k e l y  c o n d id a te  because i t  was o r i g i n a l l y  
i s o l a t e d  from the f lo w e r  buds and seeds o f  s c o p a r Î a (an Old 
world  spec i e s ) .
H
H
Hd
Coumar i n
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HO
8
'V / '
210 230 250 270 290 310 330 350 my
lOO-J
H
80^
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F i g u r e  1. The UV, NMR, and Mass S p e c t r a  o f  
I s o s c o p o l e t  i n .
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The second b lue  f lu o r e s c e n t  spot on the chromatogram (R^ =
0 . 8 3 8 ) was found to  be is o s c o p o le t  in (R  ̂ = OH, Rg = OMe). The UV 
spectrum o f  t h i s  compound is t y p i c a l  o f  6 ,7~d ioxygenated  coumarin  
compounds ( F i g .  l ) . ^ ^  Two major bands appear in the  spectrum a t  
227 and 349 my, w h i le  two minor bands appear a t  258 and 292 my. The 
mass spectrum o f  i s o s c o p o le t in  had a base and pa re n t  peak o f  192,  
and major  peaks o f  177, 164 and 149 m/e r e s u l t i n g  from the loss o f  
methyl and carbon monoxide r a d i c a l s . T h e  NMR spectrum co n ta in ed  
two d o u b le ts ,  two s i n g l e t s  and a broad s ig n a l  a t  9 .5 2  ppm which was 
due to  the presence o f  the  phenoxy p ro to n .  The two d o ub le ts  a t  
6 .1 0  and 7 .8 0  ppm (Hg and a r e  coup led .  The c o u p l in g  c o n s ta n t  o f  
10 c / s  is r a t h e r  la r g e  f o r  c is  c o u p l in g  and can be e x p la in e d  by 
the fo rm a t io n  o f  a d ih e d r a l  ang le  o f  near ze ro  degrees due to  the  
presence o f  the double  bond and p la n a r  c o n f i g u r a t i o n  o f  the  b e n z o -a -  
pyrone r in g  s y s t e m . T h e  p a r t i a l  p o s i t i v e  charge a t  carbon r e s u l t s
in the la r g e  do w nf ie ld  s h i f t  o f  the  d o u b le t  and is due to  the
e l e c t r o n  w i th d ra w in g  e f f e c t  o f  the carbonyl  oxygen. The two s i n g l e t s  
a t  3 .8 0  and 6 .9 2  ppm r e p re s e n t  the methoxy protons and the two 
a ro m a t ic  protons and H^ r e s p e c t i v e l y .  The r e l a t i v e  i n t e g r a t i o n  
f o r  the  methoxy p ro to n s ,  H^, and + Hy is  3 :1 :1 :2 . I soscopole t  in 
has been a ls o  i d e n t i f i e d  in an o th er  Old World Artemi s i a s p e c ie s ,
messe rschmidi  a n a .  ̂  ̂ Th is  is the o n ly  re fe r e n c e  t h a t  could be found 
f o r  i d e n t i f i c a t i o n  o f  I s o s c o p o le t in  as a n a tu r a l  p ro d u c t .  I t  is 
p o s s ib le  t h a t  i s o s c o p o le t in  occurs more o f t e n  as a n a tu r a l  product
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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but has been over looked  due to  the  common occurrence  o f  i t s  geom etr ic  
Isomer s c o p o î e t l n ,  which has s i m i l a r  chemical and p h ys ica l  p r o p e r t i e s .
The t h i r d  b lue  f lu o r e s c e n t  spot (R^ = 0 . 7 7 6 )  on the chromatogram 
(T a b le  1) was s c o p o îe t ln  (R^ = OMe, Rg = OH). Th is  compound has been 
I s o l a t e d  from the roots  o f  S c opo l la  japon I c a .^^ Although the s p e c t r o ­
scopic  c h a r a c t e r i s t i c s  o f  s c o p o îe t ln  Is s i m i l a r  to  Isoscop o le t  I n , 
th e r e  a r e  some d i s t i n c t  d i f f e r e n c e s  between them.
The UV spectrum shows s l i g h t  d i f f e r e n c e s  In a d s o r p t io n  f r e ­
quencies o f  the major  and minor bands o f  the  two compounds ( F i g .  2 ) .
A d d i t io n  o f  NaOAc, however, In creases  the long w avelength
a b s o rp t io n  band o f  s c o p o îe t ln  due to  a bathochromic s h i f t  o f  46 my, w h i le  
th e r e  Is no major s h i f t  o f  the  corresponding  band o f  Is o s c o p o le t  I n .
The mass spectrum c o n ta in e d  the  same major peaks w i th  one
I
e x c e p t io n .  The base peak occurred  a t  89 m/e In c o n t r a s t  to  Is o ­
scopol e t  In which has no peak a t  89 m/e .
An I n t e r e s t i n g  d i f f e r e n c e  in the  NMR spectrum o f  s c o p o îe t ln  
was t h a t  and Hy had become two d i s t i n c t  s i n g l e t s  a t  7 .1 3  and 6 .7 2  
ppm. The I d e n t i f i c a t i o n  o f  and Hy was made e m p i r i c a l l y  by the  com­
p a r is o n  o f  the  chemical s h i f t s  o f  and Hy In e s c u l e t i n  w i th  t h a t  o f  
s c o p o î e t l n  and Is o s c o p o le t In .  The p rob ab le  reason f o r  the  d i f f e r e n c e  
In chemical s h i f t s  o f  and Hy In s c o p o îe t ln  Is  t h a t  the  p a r t i a l  
p o s i t i v e  charge a t  (due to  resonance) Is  not t r a n s m i t te d  through  
the  r in g  system to  Cg as e f f e c t i v e l y  as to  Cg. Fur therm ore ,  the  methoxyl  
group o r t h o  t o  In s c o p o îe t ln  r e s u l t s  In an even g r e a t e r  d o w n f ie ld
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s h i f t  o f  H^. T h is  r e s u l t s  in Hy having a chemical s h i f t  equal to  , 
consequen t ly  and a re  superimposed in is o s c o p o le t in  to  form an 
apparen t  s i n g l e t .
The f o u r t h  spot (R^ = 0 .4 4 4 )  which had a b lue  f lu o re s c e n c e  when 
examined under UV l i g h t  and a green f lu o re s c e n c e  when sprayed w i th  
dipheny l  b o r i c  a c id -e th a n o la m in e  re a g e n ts ,  proved to  be e s c u l e t i n  
{R-| = %2 = OH). E s c u le t in  is a common coumarin compound found in 
many p la n ts  and has been i s o l a te d  from the seeds o f  Euphorbia  
l a t h y r i s .20  The UV spectrum was aga in  q u i t e  c h a r a c t e r i s t i c  o f  
6 , 7 ~d i -ox y ge na te d  coumarin compounds (F ig .  3 ) .  The mass spectrum  
o f  t h i s  compound had a base peak o f  150 m /e ,  plus major peaks o f  149,
1 3 1 , 100, 7 6 , 75 m/e and a pare n t  peak o f  178 m/e which can be 
e x p la in e d  by the loss o f  CO, H, and H2O in the spectrum. The NMR 
spectrum co n ta in ed  two phenoxy protons a t  9 .2 5  and 10 .05  ppm. The 
coupled do ub le ts  o f  Hg and H|̂  a r e  a t  5 .9 7  and 7 .7 0  ppm and H^ and Hy 
are  a t  6 .5 6  and 6 .8 2  ppm. The spectrum o f  the s i l a t e d  e s c u l e t i n  
is i d e n t i c a l  to  the one r e p o r te d  by M a lb r y ,  Kagan and R o s ie r .
The g lucos ldes  p re s en t  in the  l e a f  e x t r a c t s  could not be 
reso lv e d  on ITLC p l a t e s  w i t h  the  low p o l a r i t y  s o lv e n t  system employed 
f o r  the  non-con jugated  coumarins.  Another  s o lv e n t  system was used 
to s e p a ra te  the coumarin g lu c o s ld e s  (T a b le  2 ) .  Th is  showed the  
presence o f  two g luc os lde s  which were p o s i t i v e l y  i d e n t i f i e d  as 
e s c u l l n  (R^ “  g - D - g l y c o s y l ,  R2 = OH) and methyl e s c u l i n  (R^ = 6 - D - g l u c o s y 1,  
Rg = OMe). The l a t t e r  g ly c o s id e  was f i r s t  i s o l a te d  from the w a te r  
e x t r a c t  o f  th e  le a v e s .  Pure samples o f  methyl e s c u l in  and e s c u l in  
were o b ta in e d  by chromatography o f  m e th a n o l ic  e x t r a c t  o f  the leaves
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on a Woelm polyamide column. A m ix tu re  o f  the  two g lyc os ide s  d id  not  
possess a b i t t e r  t a s t e ,  t h e r e f o r e ,  they  could  not be the  b i t t e r
p r i n c i p l e  o f  sagebrush re p o r te d  by Kinney and S u g lh a ra .^  Methyl
e s c u l l n  (R^ = 0 .3 4 4 )  which has not been I s o l a t e d  from a n a tu r a l  source  
b e f o r e ,  was presen t  In a r e l a t i v e l y  l a r g e r  q u a n t i t y  than any o t h e r  
coumarin compound o c c u r r in g  In t r i d e n t a t a  ssp. vaseyana (0 .6 7 % ) .
The s t r u c t u r e  o f  t h i s  compound was proven by s p e c tro s c o p ic  d a t a ,  
s y n th e s is  from e s c u l i n  and h y d r o ly s is  to  D-g lucose and 1soscopole t  1n .
The s p e c t ro s c o p ic  da ta  f o r  methyl e s c u l l n  is shown in F i g .  4 .
The UV spectrum shows major a b s o rp t io n  bands a t  227 and 337 mp and 
minor a b s o rp t io n  band a t  259 and 296 my. The mass spectrum was 
almost I d e n t i c a l  to  t h a t  o f  1soscopole t  1n w i t h  the  same major peaks,  
having s l i g h t l y  d i f f e r i n g  i n t e n s i t i e s ,  o f  m/e 177, 164 and 149.  
A p p a r e n t ly  Immediate decomposit ion o f  the  sugar m oie ty  o f  the  g lu c o s ld e  
occurs as a r e s u l t  o f  the  e le v a te d  tem pera tures  used In the mass 
s p e c t ro m e te r .^ ^  C onsequent ly ,  the  mass spectrum c o n ta in s  o n ly  major  
peaks c h a r a c t e r i s t i c  o f  the 1s o s c o p o le t In  a g ly c o n e .  The NMR 
spectrum o f  the  s i l a t e d  d e r i v a t i v e  o f  the  g ly c o s id e  In d ic a te s  the  
presence o f  a s i n g l e  hexose sugar w i th  an anomeric proton a t  4 .6 7  
ppm and CH and CH2 protons p re s en t  In a broad s ig n a l  cente red  a t  3 .3 0
ppm. The two d o u b le ts  due to  H and H a re  a t  6,01 ppm and 7 -35d O
ppm, and Hy a re  a t  6 .6 4  ppm and 6 .8 5  ppm w i t h  the  methoxy group 
a t  3 .7 3  ppm. The I n t e g r a t i o n  o f  the  anomeric p r o to n ,  methoxy group 
and the  CH and CHg protons compared to  H^, Hy, and Hy Is 1 : 3 : 6 .
The h y d r o l y s i s  o f  the  g ly c o s id e  w i t h  2 ^  CF^COOH a t  124°C conf irmed  
t h a t  the  aglycone was In f a c t  1s o s c o p o l e t I n .
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The aglycone was c r y s t a l l i z e d  from the h y d r o ly s is  product o f  the  
g l y c o s i d e .  I t  had the  same m e l t in g  p o i n t ,  mass spectrum and v a lu e  
as is o s c o p o le t i n . The sugar m oeity  was I d e n t i f i e d  as glucose by GLC 
a n a l y s i s  o f  the s i l a t e d  p ro d u c t .  The anomeric  c o n f i g u r a t i o n  o f  the  
g ly c o s id e  was shown to  be g-D by the  o p t i c a l  r o t a t i o n  o f  [cx] q^ -35c 1° 
( in  p y r i d i n e ,  c ,  0 . 3 0 4 ) .  The same o p t i c a l  r o t a t i o n  was o b ta ined  
f o r  e s c u l i n  o f  - 3 5 . 1 °  ( in  p y r i d i n e ,  c ,  0 .9 4 2 )  The NMR spectrum
and o p t i c a l  r o t a t i o n  was I d e n t i c a l  to  t h a t  o f  6 - 6 - D - g l y c o s y 1 - 7 -  
methoxy coumarin s y n th e s ize d  from e s c u l i n  w i th  methyl io d id e .
E s c u l in  (R^ = 0 . 23 8 ) was separa ted  from the Woelm polyamide  
column and had the same M.P. a lo n e  o r  in a m ix tu r e  w i t h  known m a t e r i a l s  
The UV and i n f r a r e d  s p e c tra  ( F i g .  5) were i d e n t i c a l  to  t h a t  o f  a 
known sample o f  e s c u l i n  as were the R^ va lues  in th r e e  d i f f e r e n t  
s o lv e n t  systems. E s c u l in  is  a r a t h e r  common g ly c o s id e  and was f i r s t  
s e p a ra te d  from the bark o f  Aesculus h ippocastanum.
Severa l  o t h e r  p h e n o l ic  compounds pre s en t  in the  w ate r  and 
methanol ic  e x t r a c t s  o f  T r i d e n t a t a  ssp. vaseyana (Tab le  1) appear  
to  be f l a v a n o i d s  due to  t h e i r  R  ̂ v a lues  on ITLC and c o lo r  r e a c t io n s  
w i t h  ammonia and d i p h e n y lb o r Î c a c id -e th a n o l  amine re a g e n t .  One of  
the compounds has the  same R  ̂ v a lu e  ( 0 .5 6 2 )  and c o lo r  re a c t io n s  as 
querc  i t i n .
In summary the major p h e n o l ic  e x t r a c t i v e s  o f  t r i d e n t a t a  
ssp.  vaseyana appear t o  be 6 - 3 - D - g l y c o s y 1-7 -m ethoxy  coumarin ( 0 .6 7 % ) ,  
i t s  ag lycone  is os c op o le t in (0 .0 3 7 % ) ,  minor q u a n t i t i e s  o f  the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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c o rres po nd ing  unmethylated compounds--escul in  (0 .1 1 % ) ,  e s c u l e t i n
( 0 . 016%) and t r a c e  amounts o f  s c o p o îe t ln  and o th e r  compounds (Tab le  I ) .
The phylogeny o f  the  Sec t ion  T r i d e n t a t a e  based on the species
and subspecies examined by chemotaxonomical means suggests th a t
t r i  d e n ta ta  ssp. t r i  d e n t a t a , nova and l o n g i l o b a , which c o n ta in
o n ly  e s c u l i n  and not methyl e s c u l i n ,  may be more p r i m i t i v e  than the
o t h e r  spec ies  and subspecies o f  A r t e m i s i a . Th is  is due to  the  la c k  o f
enzymes necessary  f o r  m é th y la t io n  o f  the hydroxyl group a t  p o s i t io n  Cy o f
the  b e nzo -a -p yron e  moiety  o f  e s c u l i n .  The chromosome da ta  f o r  the two
subspecies o f  t r i  d e n ta ta  is  in d i r e c t  d isagreement w i t h  the  la c k
o f  Cy m é th y la t io n  as a bas is  f o r  d e te rm in in g  the r e l a t i v e  e v o l u t i o n a r y
advancement, o r  the  phylogeny,  o f  the  two subspec ies .  A. t r i  d e n ta ta
ssp. t r i d e n t a t a  has a t e t r a p l o l d  number w h i le  t r i d e n t a t a  ssp. vaseyana
has a d i p l o i d  number o f  chromosomes. B o ta n is ts  b e l i e v e  t h a t
t r i d e n t a t a  ssp. t r i  d e n ta ta  is  more advanced than t  r i d e n ta ta  ssp,
1 23vaseyana because o f  t h i s  f a c t .  ’
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CHAPTER I I I .  EXPERIMENTAL
P la n t  M a t e r i a l s
The samples o f  A r t e m is ia  species  were o b ta in e d  from d i f f e r e n t  
lo c a t io n s  w i t h i n  the  s t a t e  o f  Montana as shown in Tab le  2 , Each 
sample gave re p r o d u c ib le  chromatographic  a n a l y s i s .
Th in  Layer  Chromatography
Two grams o f  the  leaves  were r e f lu x e d  in 100 ml o f  methanol  
f o r  t h i r t y  minutes and the  e x t r a c t  c o n c e n tra te d  on a r o t a r y  evap­
o r a t o r  to  10 ml. The c o n c e n t r a te  was e x t r a c t e d  w i th  2 volumes o f  
pet e t h e r  to  remove c h lo r o p h y l l  and o t h e r  p l a n t  p igments .  Acetone  
was then added to  p r e c i p i t a t e  the  waxy m a t e r i a l s  and remain ing acetone-  
methanol s o lu t io n  was then c o n c e n t ra te d  to  about 10 ml.
The c o n c e n t ra te d  s o l u t i o n  was spot ted  on Gelman type SG 
i n s t a n t  t h i n  l a y e r  chrom atographic  sheets  w i th  a c a p i l l a r y  tube  
and developed w i th  a l i q u i d  phase system composed o f  8 9 : 10:1 benzene-  
e t h e r - a c e t i c  a c id  (see Ta b le  1, s o lv e n t  system A ) .  The chromatogram 
was then a i r  d r ie d  and sprayed w i th  d i p h e n y lb o r ic  a c id  e thanolam ine  
complex and examined under an u l t r a v i o l e t  l i g h t .  The coumarin  
compounds showed b lue  f lu o r e s c e n t  w i th o u t  the  complexing re a g e n t .
For the  s e p a r a t io n  o f  the  g ly c o s id e s  the s o lv e n t  system was 
changed to  9 4 :5 :1  c h lo r o f o r m - m e t h a n o l - a c e t ic  a c id  (see Table  1,  
s o lv e n t  system B ) .
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In s t ru m e n ta l  A n a ly s is
A l l  m . p . ' s  a re  u n c o rre c te d ;  the UV and mass sp e c tra  were  
o b ta in e d  w i th  C o le m a n -H i ta c h Î EPS-3T and C onso l ida ted  E le c t r o d y ­
namics C o rp o ra t io n  type 21-103C mass s p e c t ro m e te r .  The NMR s pec tra  
were recorded w i th  a V a r ia n  HA-60 instrum ent  in d e u te ra te d  DMSO w i th  
TMS as i n t e r n a l  s ta n d a rd .  The g lyc o s id e s  (50 mg) were t r e a t e d  w i th  
T R I - S I L  (5 m l ) .  The excess reagent  was removed under reduced pressure  
The t r i m e t h y l s i l y l  e t h e r  d e r i v a t i v e  o f  the g ly c o s id e  was e x t r a c t e d  
w i th  CCl^. The e x t r a c t  was f i l t e r e d ,  c o n c e n tra ted  (0 .2 5  ml) and used 
f o r  NMR s t u d i e s .
6 ,7 -D i -M e th ox y -C ou m a r  i n
The compound was s y n th e s ize d  from a s o lu t io n  o f  0 ,1 5 0  g o f  
e s c u l e t i n  and 0 .0 6 4  g o f  diazomethane in 100 ml o f  e t h e r .  The r e a c t io n  
m ix tu r e  was a l lo w ed  to  stand o v e r n i g h t .  The s o lv e n t  was removed 
w i t h  an a s p i r a t o r .  A p r e c i p i t a t e  t h a t  was formed from the concen­
t r a t e ,  was removed by f i l t r a t i o n .  ITLC a n a ly s is  o f  the  product  
showed the presence o f  e s c u l e t i n ,  is os c op o le t  i n , s c o p o le t in  and a 
more c o n c e n t ra te d  spot o f  less  p o l a r i t y  which was 6 , 7 “d Î -methoxy  
coum ar in ,  R^ = 0 .9 1 0 .  The f i r s t  c r y s t a l l i z a t i o n  from acetone y ie ld e d  
65 mg, m.p. 1 3 8 - l4 2 ° C .  The t h i r d  c r y s t a l l i z a t i o n  from a d i l u t e  
a cetone  s o lu t io n  y i e l d e d  9 mg o f  pure m a te r ia l  m.p. 143-144°C ( l i t . ^ ^  
l 4 4 _ l4 6 ° C ) - m a s s  s p e c t ra :m /e  207 ( 2 1 . 5 ) ,  206 ( lO O .O ) ,  192 ( 2 6 . 0 ) ,
191 ( 6 2 . 1 ) ,  179 ( 4 . 8 ) ,  178 ( 2 6 . 0 ) ,  164 ( 2 1 . 5 ) ,  163 ( 6 2 . 0 ) ,  149 
( 1 6 . 3 ) ,  148 ( 5 . 0 ) ,  135 ( 3 0 . 6 ) ,  120 ( 1 0 . 5 ) ,  119 ( 1 7 . 0 ) ,  107 ( 2 6 . 0 ) ,
105 ( 1 4 . 2 ) ,  91 ( 2 1 . 4 ) ,  89 ( 3 3 . 1 ) ,  77 ( 1 5 . 0 ) ,  and 76 ( 1 2 . 2 ) .
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I s o c o p o le t in
Fourteen hundred grams o f  a i r  d r ie d  leaves o f  t r  id e n ta ta  
ssp. vaseyana were e x t r a c t e d  w i th  10 1 o f  methanol .  The m eth ano l Ic  
s o l u t i o n  was c o n c e n t r a te d ,  d is s o lv e d  In hot benzene and placed on 
20 s i l i c i c  a c id  columns ( 4 . 3  x 10 cm). The columns were developed  
w i t h  b e n z e n e -e th e r  ( 6 : 4 )  to  g iv e  th r e e  UV f l u o r e s c e n t  bands.
E l u t i o n  o f  the  f i r s t  band and subsequent c o n c e n t r a t io n  and c r y s t a l ­
l i z a t i o n  from acetone gave crude Isoscopo le t  1n (220 mg). R e c r y s t a l ­
l i z a t i o n  from acetone y ie ld e d  pure m a te r ia l  (54 mg) m.p. 185° ( I r t . ^ ^
m.p. 183 - 185° ) ,  Rf 0 . 8 3 8 , 227 and 349 (major bands) ,  and 258 and
292 my (minor bands) .  Mass spectrum:m/e 192 ( 1 0 0 ) ,  177 ( 1 0 . 5 ) ,
164 ( 2 5 . 5 ) ,  149 ( 3 9 . 7 ) ,  121 ( 6 . 0 ) .  NMRrppm double ts  a t  6 .1 0  (1H) 
and 7 .8 0  (1H) (J=10 c / s )  and s i n g l e t s  a t  3 .8 0  ( 3 H ) ,  6 .9 2  (2H) and
9 .5 2  ( 1 H ) .  Found; C, 6 2 .1 1 ;  H, 4 . 2 7 .  C a lc ,  f o r  C^^HgO^^: C, 6 2 .5 0 ;
H, 4 . 1 7  p e r c e n t .
Th is  compound was a ls o  o b ta in e d  by w a te r  e x t r a c t i o n  o f  d r ie d  
leaves  (340 g ) , c o n c e n t r a t io n  o f  the  aqueous e x t r a c t ,  r e - e x t r a c t  Ion 
o f  the c o n c e n t r a te  w i t h  benzene and e v a p o r a t io n  o f  the  s o lv e n t .
Th is  gave a crude m a t e r ia l  (126 mg) t h a t  was p u r i f i e d  by r e c r y s t a l -  
l l z a t l o n  from aceto ne .  A l t e r n a t i v e l y  the  methanol ic l e a f  e x t r a c t  
was r e - e x t r a c t e d  w i t h  c h lo ro fo rm  and the c h lo ro fo rm  e x t r a c t  was 
processed as b e f o r e .
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Scopole t  î n
E l u t i o n  o f  the  second band from s i l i c i c  a c id  columns, con­
c e n t r a t i o n  and r e c r y s t a l l i z a t i o n  o f  the  r e s u l t i n g  m a te r ia l  from 
acetone  gave s c o p o le t in  (40 mg). Th is  was r e c r y s t a l l i z e d  from acetone  
( y i e l d  8 mg), m.p. 203-204®,  a lone  or  in a m ix tu re  w i th  a known 
sample ( l l t . ^ ^  m.p. 204® ) ,  0 . 7 7 6 ,  225 and 350 (major bands) ,
260  and 292 my (minor bands) .  Mass spectrum:m/e 192 ( 2 9 . 3 ) ,  177 
( 2 7 . 5 ) ,  164 ( 2 4 . 0 ) ,  149 ( 4 2 . 4 ) ,  121 ( 1 8 . 2 ) ,  117 ( 7 . 0 ) ,  115 (17 3 ) ,
103 ( 1 3 . 0 ) ,  105 ( 8 . 9 ) ,  102 (9 . 0 ) ,  91 ( 4 0 . 1 ) ,  89 ( 100 ) ,  87 ( 2 8 . 9 ) .
NMR;ppm do uble ts  6 .1 0  (1H) and 7 .8 0  (1H) (J=10 c / s )  and s i n g l e t s  
3 .8 0  (3 H ) ,  6 .7 2  (1H) and 7 .1 3  (1 H ) ,  9 .5 2  (1 H ) .
E s c u le t in
E lu t io n  o f  the  t h i r d  band from the s i l i c i c  a c id  column and 
subsequent processing  gave crude e s c u l e t i n  t h a t  could not be p u r i ­
f i e d  by f r a c t i o n  r e c r y s t a l l i z a t i o n .  The a l c o h o l i c  e x t r a c t  o f  the  
d r i e d  leaves  ( 1 .4  kg) was co n c e n tra ted  and r e - e x t r a c t e d  w i th  e th y l  
a c e t a t e .  C o n c e n t ra t io n  and c r y s t a l l i z a t i o n  o f  t h i s  e x t r a c t  gave 
crude e s c u l e t i n  (226 mg, m.p, 2 3 4 -2 9 7 °  decomp.) .  R e c r y s t a H 1z a t io n  
from acetone  gave pure m a te r ia l  (40 mg) m.p. 2 6 3 - 2 6 3 . 5 °  (o e c o m p J , 
a lon e  o r  in a m ix tu re  w i t h  a known sample ( l i t  m.p 268®),  R  ̂ 0 . 4 4 4 ,  
^max’ and 354 (major  ba nd s) ,  250 and 302 mp fmnnor bands). Mass
spectrum:m /e  178 ( 6 0 . 5 ) ,  150 ( 1 0 0 ) ,  l4 9  (54 i ) ,  131 ( 3 1 . 0 ) ,  121 
( 1 0 . 9 ) ,  119 ( 8 . 8 ) ,  104 ( 9 . 2 ) ,  100 ( 1 6 . 7 ) ,  ?6 ( 2 6 , 0 ) ,  75 ( 2 1 . 6 )
NMR:ppm d o ub le ts  7 .7 0  (1H) and 5 .9 7  (1H) (J=lO c / s )  and s i n g l e t s
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6 .5 6  ( 1 H ) ,  6 .8 2  ( I H ) ,  9 .2 5  (1H) and 10 ,05  (1 H ) .  Found C , 6 0 .6 0 ;
H, 3 . 6 0 .  C a lc ,  f o r  C^H^O^; C, 6 0 .6 7 ;  H, 3 37 p e r c e n t .
E s c u l Î n
M e th a n o l ic  e x t r a c t  o f  a i r  d r ie d  leaves (610 g) was concen­
t r a t e d  and e x t r a c t e d  w i th  pe tro leum  e t h e r ,  and the remain ing methanol ic  
e x t r a c t  was r e - e x t r a c t e d  w i th  c h lo ro fo rm  and then e th y l  a c e t a t e .  The 
e t h y l  a c e t a t e  e x t r a c t  when c o n c e n tra ted  gave a crude m ix tu re  of  
e s c u l i n  and methyl e s c u l I n  as determined by TLC,
The c o n c e n t ra te d  m a te r ia l  was placed on a column ( 4 .3  x 12 cm) 
o f  Woelm polyamide mixed w i th  C e l l  te  545 ( 7 : 3 )  and developed w i th  
w a t e r .  T h is  gave two UV f lu o r e s c e n t  bands. The f i r s t  band was 
e l u t e d  from the column, c o n c e n tra te d  and c r y s t a l l i z e d  from methanol 
to  y i e l d  e s c u l i n  (65 mg), m.p. 208°  a lon e  or  in a m ix tu re  w i th  a 
known compound ( l i t .  m.p. 20 5°  decomp.) ,  0 .2 3 8  (see Tab le  I ) ,
The UV and IR s p e c tra  o f  the  product  were a ls o  I d e n t i c a l  w i th  
the  s p e c t ra  o f  the  known compound.
6 -6 -^ - G lu c o s y l - 7 - m e t h o x y  CoumarIn
E l u t i o n  and processing  o f  the second band prov ided crude  
methyl e s c u l i n .  The pet  e t h e r  e x t r a c t  (4 1) in the  prev ious e x p e r i ­
ment gave a s t r o n g l y  f lu o r e s c e n t  aqueous la y e r  t h a t  s e t t l e d  out on 
s ta n d in g  f o r  3 days. T h is  was evaporated  and the dry res idue  
( 5 -2 3  g) e x t r a c t e d  w i th  methanol .  The m ethano l ic  e x t r a c t  was 
c o n c e n t r a te d  to p ro v id e  crude 6 -6 -^ -g lu c o s y l -7 ~ m e th o x y  coumarin 
( 3 . 6 8  g ) , m.p. 2 2 4 - 2 2 8 ° .  R e c ry s ta l  I i z a t i o n  from d i l u t e  m ethanol ic
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s o l u t i o n s  gave pure m a te r ia l  (137 mg) m.p. 2 3 4 - 2 3 4 . 8 °  t i l t  ^8 m.p.
2 2 9 ° ) t [a ]^ ^  - 3 5 . 1 °  ( i n  p y r i d i n e  c ,  0 ,3 0 4 )  same as e s c u l i n ,  0 , 3 4 4 ,
^max’ snd 337 (major  b and s) ,  259 and 296 my (minor bands). Mass 
spectrum:m /e  192 ( 1 0 0 ) ,  177 ( 1 6 . 4 ) ,  164 ( 3 3 . 8 ) ,  l 4 9  ( 2 7 . 2 ) ,  115 
(15 0 ) .  NMR o f  t r i m e t h y l s Î 1 y I e t h e r  d e r i v a t i v e ;  ppm double ts  6 , 0  k 
( IH )  and 7 .3 5  (1H) (J=10 c / s ) ,  s i n g l e t s  3 .7 3  ( 3 H ) , 6 ,6 4  ( (H)  and 6 .8 5  
( I H ) ,  and broad bands 3 40 (6H) and 4 ,6 7  ( I H ) .
The above product was a ls o  prepared from e th y l  a c e ta te  e x t r a c ­
t i o n  o f  a c o n c e n t ra te d  aqueous l e a f  e x t r a c t .
Methyl e s c u l I n  (8 mg) was hydro lyzed  in a sealed tube w i th  
3 ml o f  2 ^  t r Î f 1u o r a c e t Î c a c id  a t  124° fo r  l i  h r ,  Isoscopole t ï n 
c r y s t a l l i z e d  on e v a p o r a t io n  o f  the h y d r o !y z a te  Th is  had the  same 
m . p . ,  and mass spectrum as the a u t h e n t i c  compound. The mother  
l i q u o r  was e v ap ora ted  to  dryness .  The res idue  was t r e a t e d  w i th  
T R I - S IL  and found t o  c o n ta in  D-g lucose by GLC a n a l y s i s .  For the  
s y n th e s is  o f  methyl escu l in ^®  0 .6 0 4 6  g o f  e s c u l In  and 0 ,6 1 3 8  g KOH 
were d is s o lv e d  in 100 ml methanol and the pH brought to  6 .2  by add#ng 
M e l .  R e f lu x in g  f o r  16 hrs gave crude methyl e s c u l in  which was 
p u r i f i e d  by r e c r y s t a l l i z a t i o n ;  y i e l d  168 mg, m.p. 234-234 8°
The s y n t h e t i c  product  had the same m .p . ,  s p e c i f  il  o p t i c a l  
r o t a t i o n ,  R̂ ; and NMR spectrum as the n a tu r a l  product
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